(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




IIIffllHlllllllltHllllllIIIIlllliniUIIIIII 



(43) International Publication Date (10) International Publication Number 

20 November 2003 (20.11.2003) PCT WO 03/095072 Al 



(51) International Patent Classification 7 : B01D 53/32, 
B01J 19/08, F23G 5/08, 7/06 

(21) International Application Number: PCT/CAO3/00670 

(22) International Filing Date: 6 May 2003 (06.05.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/378,357 



8 May 2002 (08.05.2002) US 



(71) Applicant (for all designated States except US): LAU, Ed- 
mund, Kin, On [CN/CN] ; Room 2101-4, 21/F, ChinaMer- 
chants Building, 152-155 Connaught Road Central, Hong 
Kong (CN). 

(71) Applicant and 

(72) Inventor: CHAN, Benjamin, Chun, Pong [CA/CA]; 62 
Picola Court, Willowdale, Ontario M2H 2N3 (CA). 



(74) Agents: ROWAND, Fraser, D. et al.; Ridout & Maybee 
LLP, One Queen Street East, Suite 2400, Toronto, Ontario 
M5C 3B1 (CA). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK. DM, DZ, EC, EB, ES, FI, GB, GD, GE, GH. 
GM, HR. HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, 
SB, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KB, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DB, DK, EE. 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SB, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

[Continued on next page] 



(54) Title: HAZARDOUS WASTE TREATMENT METHOD AND APPARATUS 



RECYCLED CO 2 




STORAGE 

CLEAN COMBUSTIBLE 
SYNTHETIC GAS STORAGE 



LIQUID /GAS 
INJECTION MECHANISM 

BOXED SOUD 
FEEDING MECHANISM 



g 

on 

(57) Abstract: An apparatus and method for treating the off-gas byproduct of a waste treatment system using a plasma torch. The 

off-gas of a graphite electrode plasma arc furnace includes carbon black or soot which must be removed. The plasma torch employs 
S a 0310011 dioxide and oxygen mixture as a working gas to avoid the creation of nitrogen oxides and other toxic by-products. The 

plasma torch ionizes the working gas, resulting in the creation of carbon monoxide and reactive oxygen, which assists in eliminating 
Q carbon black/soot from the off-gas. Oxygen and steam are atomized and injected into the chamber housing the plasma torch system. 

A process control feedback system monitors the content of the output gas and controls the operation of the injectors and the plasma 
^ torch. 
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HAZARDOUS WASTE TREATMENT METHOD AND 



APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001]The present application claims priority to US provisional patent 
' application serial number 60/378,357, filed May 8, 2002, and hereby 
incorporates the subject matter disclosed therein. 

FIELD OF THE INVENTION 

[0002]This invention relates to the treatment of off-gas from an industrial or 
hazardous waste treatment system. 

BACKGROUND OF THE INVENTION 

[0003] Hazardous waste affects human health by its toxicity, deflagrability, 
corrosivity, reactivity, and infection in addition to being a source of serious 
pollution. Hazardous wastes have been generally disposed of by land 
disposal, incineration and recycling. However, as incidents of improper waste 
disposal, such as emissions of toxic substances from incineration and landfills 
(e.g. dioxins from incineration and toxic leachate from landfills) begin to 
create serious health and ecological problems, public awareness has led to 
increasing legislation and more stringent environmental protection policies. 
These policies have led to search for other efficient, reliable and cost effective 
disposal alternatives. 

[0004] A number of methods based ori plasma arc have been proposed to 
.destroy organic and inorganic hazardous waste in all forms, to convert 
hazardous wastes to a combustible synthetic gas for electricity generation, 
and to vitrify all the non-combustible materials to a stable glass which can be 
disposed of safely. However, these methods are considered inefficient and 
have very high capital and operating costs. 

[0005] In general, two basic plasma arc technologies, the plasma torch 
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(transferred and non-transferred modes) and the graphite electrode plasma 
arc (A.C. or D.C.) systems, have been proposed to generate the plasma arc 
for the hazardous waste destruction or conversion processes. 

[0006] Systems employing a plasma torch are generally not as energy 
efficient as those using graphite electrodes due to higher energy loss to the 
plasma torch cooling water. The efficiency of plasma torches is usually less 
than 70% especially when the metal plasma torch is placed and operated 
inside a hot reactor/vessel. Therefore, plasma torches are only effective for 
gas heating and specialty material processing or fabrication/ and they are not 
practical and economical for material melting. Furthermore, when air is used 
as the plasma working gas, nitrogen oxides (NOx) and hydrogen cyanide 
(HCN) are produced due to the reactions of the nitrogen in the air plasma 
working gas with the oxygen and the hydrocarbons in the vessel/reactor at 
high temperatures. Furthermore, the steam generated in the vessel will 
condense on the surface of the metal shroud of the plasma torch. 
Consequently, carbon black/soot along with the non-dissociated toxic 
materials will deposit and accumulate on the cold wet metal shroud leading to 
incomplete destruction of the hazardous wastes. When the plasma torch is 
removed from the vessel for maintenance, workers are then subject to the 
exposure to the toxic materials. 1 

[0007] The lifetime of the electrodes and the stability (performance) of the 
plasma arc generated by plasma torches also depend on the atmosphere 
inside the vessel/reactor. Therefore, the operation of plasma torch systems is 
more complicated than that of graphite electrode plasma arc systems. Metal 
plasma torches require high-pressured cooling water for cooling of the internal 
components. The chemistry and the electrical conductivity of the cooling 
water must be monitored and adjusted in order to prevent chemical corrosion 
and mineral depositions inside the torch. Those requirements necessitate 
expensive auxiliary equipment which increases the capital and operating 
costs. 



[0008] Other systems employ graphite electrode electric plasma arc 
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technologies. These systems can lead to either severe oxidation of the 
graphite electrodes or excessive formation of fine carbon black/soot in the by- 
product gas stream. A combined A.C. and D.C. graphite electrodes system 
was developed to provide electric arc generation and joule resistance heating 
in the bath simultaneously. Other technologies employ concentric electrodes 
system and single top D.C. graphite electrode with a conductive bottom for 
melting and gasification. However, the electrical conductivity of the bottom 
electrode must be maintained at all times in the single top D.C. graphite 
electrode system especially when the bottom electrode of the cold 
vessel/reador is covered by a layer of slag which is not electrically conductive 
at low temperatures. 

[0009] It has been found that the kinetic of carbon black formation was very 
high during high temperature cracking of hydrocarbons under a slightly 
reducing condition. Therefore, carbon black/soot is always produced in the 
reducing plasma arc gasification process and must be removed prior to the 
downstream air pollution control system. Increasing the residence time of the 
by-products inside the vessel/reactor or increasing the operating temperature 
assists in removing carbon black. However, increasing residence time 
necessitates the use of a larger apparatus or reducing the throughput of feed 
waste. Accordingly, some systems have been proposed which include an 
afterburner or thermal oxidizer to increase the reaction kinetics by the 
turbulent environment as a secondary gas treatment process to ensure 
complete combustion. However, air and fuel are used in these methods to 
generate the high heat for the oxidation process. Consequently, a secondary 
waste stream such as nitrogen oxides may be produced in these systems 
under such an oxidizing atmosphere. 

[0010] It would be advantageous to have a system and method for treating 
the off-gas from waste treatment systems that, at least in part, address these 
shortcomings. 
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[0011] The present invention provides a system for treating the off-gas from a 
waste treatment system, such as a graphite electrode arc gasification system, 
that reduces the carbon black present in the off-gas while avoiding the 
production of nitrogen oxides and other pollutants. The system includes an ' 
afterburner using a plasma torch having a nitrogen-free working gas, which, in 
one embodiment, is a carbon dioxide and oxygen mixture. The plasma arc 
ionizes the working gas, thereby creating atomic oxygen, which assists in the 
removal of carbon black from the off-gas. 

[001 2] In one aspect, the present invention provides an apparatus for treating 
an off-gas from a waste treatment system. The apparatus includes a 
refractory-lined cylindrical chamber having an input port for receiving the off- 
gas and an output port, and a DC powered plasma torch proximate the input 
port within the chamber, the torch receiving a working gas, the working gas 
including a mixture of carbon dioxide and oxygen. The plasma torch heats 
the chamber and the off-gas is thereby converted to an output gas, which is 
ejected through the output port. 

[0013] In another aspect, the present invention provides a method for treating 
an off-gas from a waste treatment system. The method includes the steps of 
receiving the off-gas at an Input port of a refractory-lined cylindrical chamber, 
heating the chamber by ionizing a working gas using a DC powered plasma 
torch proximate the input port within the chamber, the working gas including a 
mixture of carbon dioxide and oxygen, thereby converting the off-gas to an 
output gas, and outputting an output gas from the chamber. 

[0014] In a further aspect, the present invention provides a waste treatment 
system for treating hazardous wastes. The waste treatment system includes 
a primary waste treatment stage that receives the hazardous waste and 
produces a by-product off-gas, and a secondary waste treatment stage 
coupled to the primary waste treatment stage and receiving the off-gas. The 
secondary waste treatment stage includes a refractory-lined cylindrical 
chamber having an input port for receiving the off-gas and an output port, and 
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a DC powered plasma torch proximate the input port within the chamber, the 
torch receiving a working gas, the working gas including a mixture of carbon 
dioxide and oxygen. The plasma torch heats the chamber and the off-gas is 
thereby converted to an output gas, which is ejected through the output port. 

[001 5\ Other aspects and features of the present invention will become 
apparent to those ordinarily skilled in the art upon review of the following 
description of specific embodiments of the invention in conjunction with the 
accompanying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] Reference will now be made, byway of example, to the accompanying 
drawings which show an embodiment of the present invention, and in which: 

[0017] Figure 1 shows a diagram of a waste treatment system, according to 
the present invention; 

[001 8] Figure 2 shows a top plan view block diagram of the waste treatment 
system; and 

[0019] Figure 3 shows a cross-sectional view of a cyclonic oxidizer, according 
to the present invention. 

[0020] Similar numerals are used in different figures to denote similar 
components, 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0021] Reference is first made to Figure 1 , which shows a diagram of a waste 
treatment system 100, according to the present invention, and Figure 2, which 
shows a top plan view block diagram of the waste treatment system 100. The 
system 100 includes a graphite electrode D.C. plasma arc gasifier/melter 4 
and a plasma torch cyclonic oxidizer 3. Waste material is inserted into the 
gasifier/melter 4, which melts the non-combustible materials and 
disassociates the organic materials. The gasifier/melter 4 produces off-gas, 
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which is routed to the cyclonic oxidizer 3. The cyclonic oxidizer 3 then treats 
the off-gas, in accordance with the present invention. The gasifier/meiter 4 
may also be referred to as a gasification/vitrification chamber. 

[0022] Prior to feeding hazardous waste into the graphite eledtrode D.C. arc 
gasifier/meiter 4 for destruction, the gasifier/meiter 4 is preheated to a 
temperature above 1500°C by melting scrap steel in the gasifier/meiter 4. 
The gasifier/meiter 4 is refractory lined, and the sidewalls and the roof of the 
D.C. arc gasifier/meiter 4 are water cooled to extend the refractory life by 
minimizing mechanical erosion and chemical corrosion by the melt. The 
refractory system serves to contain the melt and minimize heat losses from the 
gasifier/meiter 4. The refractory is also chemically compatible to the slag and 
by-product gas generated. 

[0023] As shown in Figure 2, two graphite electrodes penetrate through the 
roof of the gasifier/meiter 4. Electrode clamps 1 6 and 17 hold the graphite 
electrodes and are connected to a D.C. power supply 2. Electrode clamp 16 
is connected to the cathode, and electrode clamp 17 is connected to the 
anode of the power supply 2. The electrode clamps 16 and 17 are coupled to 
electrode arms 15 as part of an automatic responsive electrode guiding 
system which moves the electrode arms 15. The automatic responsive . 
electrode guiding system moves the electrode arms 15 so as to adjust the 
position of the two graphite electrodes relative to each other and relative to 
the molten material at the hearth in the gasifier/meiter 4. Adjusting the 
relative position of the graphite electrodes affects the arc length. An 
electrode seal on the roof is used to allow adjustment of the electrodes while 
preventing ambient air from entering and by-product gas from escaping the 
D. C. arc gasifier/meiter 4. 

[0024] A view port 25 in the gasifier/meiter 4 allows for the even insertion of 
scrap steel. Thd anode electrode held by the electrode clamp 17 is buried in 
the scrap steel, and the cathode electrode held by the electrode clamp 16 is 
positioned above the solid scrap steel. Then the cathode electrode is slowly 
lowered until an electric arc is established between the cathode electrode and 
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the scrap steel. The scrap steel begins to melt to form a molten bath at a 
temperature above 1500°C.. When the scrap steel is completely melted at the 
hearth, the cathode electrode is then raised to achieve long arc length and 
the anode electrode remains submerged in the molten bath. 

[0025] The system 100 includes a feeding mechanism for introducing 
hazardous solid wastes into the gasifier/melter 4. In another embodiment, 
instead of directly receiving solid hazardous wastes, the gasifier/melter 4 may 
receive toxic by-products from a main chemical or incineration processes. 
The main chemical or incineration process generates toxic by-products which 
are reduced to a non-toxic stable slag in the gasifier/melter 4. 

[0026] In the present embodiment, the feeding mechanism includes a 
conveyor 20 and a gas-tight chamber 22 which is connected to the 
gasifier/irielter 4. A gas-tight gate 21 separates the conveyor 20 and the gas- 
tight chamber 22, and a water-cooled gas-tight door 24 separates the gas- 
tight chamber 22 and the gasifier/melter 4. 

[0027] Wastes may be delivered via the conveyor 20 to the gas-tight chamber 
22 through the gas-tight gate 21 . After a batch of wastes has been delivered 
into the gas-tight chamber 22, the gas-tight gate 21 is then closed. The gas- 
tight chamber 22 is then vacuumed to remove the air in the gas-tight chamber 
22 by opening a vacuum control valve 14. Then the vacuum control valve 14 
is closed and a carbon dioxide control valve 13 is opened to back fill the gas- 
tight chamber 22 with carbon dioxide to prevent by-product gas from coming 
out of the D.C. arc gasifier/melter 4 when the water cooled gas-tight door 24 
begins to open. The gas-tight chamber 22 includes a high temperature 
resistance hydraulic ram 23 for propelling the wastes forward in the gas-tight 
chamber 22. When the gas-tight door 24 is fully opened, the ram 23 pushes 
the wastes into the D.C. arc gasifier/melter 4 through a chute in the sidewall 
or the roof. Once the wastes are pushed into the gasifier/melter 4, the ram 23 
retracts to its original position in the gas-tight chamber 22. The water-cooled 
gas-tight door 24 is then closed, the valve 13 is closed and the vacuum valve 
14 is opened to remove the carbon dioxide in the gas-tight chamber 22 until 
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the gas-tight gate 21 begins to open to receive further wastes from the 
conveyor 20 to complete a feeding cycle for the solid wastes. 

[0028] For liquid and gaseous hazardous wastes, the waste is metered and 
pumped through a retractable high temperature resistance atomizing nozzle 
in the sidewall onto the molten bath in the D.C. arc gasifier/melter 4. Steam is 
used as a carrier gas and to purge the liquid/gas feed line for cleansing. 

[0029] Inside the gasifier/melter 4, the wastes are exposed to an extreme high 
heat atmosphere and the electric arc generated between the cathode 
electrode 16 and the molten iron. The organic matters in the waste are 
dissociated to their atomic forms. Due to the extreme high temperature 
condition, the formation of dioxin/furan can be completely prevented. The 
non-combustible matters including metals and glasses are melted and mixed 
with the molten iron to produce liquid slag and metal at the hearth. The slag 
and metal are removed occasionally from the D.C. arc gasifier/melter 4 by 
opening a tap hole 19 with a drill. Thermocouples are installed in the 
sidewalls, the roof and the bottom to monitor the freeboard and refractory 
temperature. If the refractory and freeboard temperatures begin to decrease, 
the power to the electrodes is increased by increasing the current or the 
voltage to the cathode electrode. The pressure inside the D.C. arc 
gasifier/meiter 4 is maintained at negative to. avoid by-product gas release to 
the ambient atmosphere by an exhaust fan of an air pollution control system 
8. 

[0030] Gas produced by the gasifier/melter 4 is treated in the cyclonic oxidizer 
3. The cyclonic oxidizer 3 is coupled to the gasifier/melter 4 so as to receive 
by-product gas produced by the gasifier/melter 4. The by-product gas 
generated in the D.C. arc gasifier/melter 4, in one embodiment, may include 
carbon monoxide, hydrogen, light hydrocarbons, carbon black and a small 
quantity of carbon dioxide. Carbon black/soot always presents a serious 
operation problem in the downstream energy recovery and air pollution 
control systems because of its fine particle size. Furthermore, the carbon 
black/soot can act as a nucleation site for the reformation of the toxic organic 
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compounds. This off-gas enters the cyclonic oxidizer 3 tangentially at very 
high velocity, thereby creating a cyclonic condition within the cyclonic oxidizer 
3. In one embodiment, the cyclonic oxidizer 3 is disposed approximately 
horizontally, with a slight downward slope from an upstream end to a 
downstream end. 

[0031] Reference is now made to Figure 3, which shows a cross-sectional 
view of the cyclonic oxidizer 3, according to the present invention. A straight 
vertical refractory lined off-gas pipe 26 is used to connect the D.C. arc 
gasifier/melter 4 and the cyclonic oxidizer 3. The off-gas pipe 26 injects by- 
product gas tangentially into the bottom side of the cyclonic oxidizer 3 near its 
upstream end. The straight vertical off-gas pipe 26 minimizes the pressure 
drop between the D.C. arc gasifier/melter 4 and the cyclonic oxidizer 3 in 
order to improve the off-gas stream flow into the cyclonic oxidizer 3. The 
oxidization reaction efficiency is increased by the intense internal mixing 
between the by-product gas and injected atomized oxygen and steam caused 
by the vigor of the cyclonic action within the cyclonic oxidizer 3. 

[0032] In another embodiment, the cyclonic oxidizer 3 treats off-gas 
generated from a main chemical reaction or incineration process, in which 
case the off-gas is delivered directly to the cyclonic oxidizer 3. In such a 
case, the gasifier/melter 4 may be unnecessary. 

[0033]The cyclonic oxidizer 3 includes a D.C. plasma torch 18 located at its 
upstream end. The plasma torch 18 preheats the cyclonic oxidizer to above 
1300°C. The D.C. plasma torch 18 is powered from a D.C. power supply 1. 
The D.C. power supply 1 for the plasma torch 18 is, in one embodiment, 
separate from the D.C. power supply 2 for the gasifier/melter 4 so as to 
ensure that the cyclonic oxidizer 3 continues to operate if the gasifier/melter 4 
power supply 2 fails. The cyclonic oxidizer 3 is lined with refractory 32 and 
thermocouples 27, 28 and 29 are installed along the inner refractory 32 face 
to monitor the hot face temperatures, if the temperatures fall below 1350°C 
during the treatment process, the power to the plasma torch 18 or the oxygen 
injection is increased. Operation of the plasma torch 18 may be controlled by 
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a process controller 6 (Fig. 2) through a feedback loop. The process 
controller 6 may include a microcontroller suitably programmed to execute a 
set of instructions or functions for implementing control steps and providing 
control signals, according to the present invention. 

[0034]The plasma torch 18 employs a mixture of carbon dioxide and oxygen 
as the plasma working gas. The gases are initially mixed in a dynamic mixer 
5 that responsively regulates the composition of the gas mixture and controls 
the gas mixture flowrate according to the desired operating conditions and the 
plasma gas requirement In one embodiment, the oxygen content in the gas 
mixture is 15% to 25% by volume, and is preferably 21%. An oxygen sensor 
is included in the dynamic mixer 5 to monitor the oxygen content in the gas 
mixture. The use of carbon dioxide and oxygen as the plasma working gas 
avoids the formations of nitrogen oxides and hydrogen cyanide. The dynamic 
mixer 5 may receive control signals from the process controller 6. 

[0035] When the gas mixture is ionized in the plasma arc zone where 
temperature exceeds 5000°C, the carbon dioxide is dissociated to carbon 
monoxide and atomic oxygen which is very reactive. Combining the presence 
of reactive atomic oxygen and the enhanced turbulent environment inside the 
cyclonic oxidizer 3, carbon black/soot and the fugitive toxic materials in the 
by-product gas can be effectively converted and destroyed. The particulates 
in the by-product gas are melted to form a molten layer retained on the 
sidewall by the centrifugal force created by the cyclone action in the cyclonic 
oxidizer 3. The molten material flows down to the lower-stream side bottom, 
which is equipped with a spout 33 coupled to a container 34 to receive the 
molten material. The molten materials then solidify in the container 34 and 
are removed and returned to the D.C. arc gasifier/melter 4 for slag 
vitrification. 

[0036] Oxygen and steam are metered and injected into the cyclonic oxidizer 
3 as an oxidizing agent through control valves 10 and 11. The gases are 
atomized by high temperature resistance atomizing nozzles 30 and 31 . The 
process controller 6 includes an on-line off-gas monitoring sensor to analyse 
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the by-product gas composition for carbon monoxide, hydrogen, 
hydrocarbons and carbon dioxide. From the data analysed, the process 
controller 6 quickly sends a process control signal to the control valves 10 and 
11 to control the oxygen and steam injections. With low heating value 
wastes, the cyclonic oxidizer 3 converts the by-product gas completely to 
. water and carbon dioxide to produce a clean exhaust gas to the atmosphere 
by increasing the oxygen and or steam injection until the total concentration of 
light hydrocarbons and carbon monoxide is less than 20 ppm. With high 
heating value wastes, the final by-product gas can be a high quality 
combustible synthetic gas for electricity generation. When the concentration 
of the carbon dioxide is above 3%, the steam and/or oxygen injection is 
decreased. And, when the concentration of the carbon dioxide is below 1%, 
the oxygen and steam injection is increased. 

[0037] Referring again to Figure 1, the sensible heat in the by-product gas 
generated from the cyclonic oxidizer 3 is recovered by a heat exchanger 7 to 
produce hot water or steam for improving the overall process efficiency. The 
steam is recycled to the liquid/gas waste feeding system as the carrier gas 
and the cyclonic oxidizer 3 as an oxidizing agent. The cooled gas is treated 
by the air pollution control system 8 before the final product gas is stored as a 
combustible synthetic gas that contains mainly hydrogen and carbon 
monoxide, or the final product gas is compressed in a compressor 9 to 
produce a liquefied carbon dioxide. 

[0038]The present invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. Certain 
adaptations and modifications of the invention will be obvious to those skilled 
in the art. Therefore, the above discussed embodiments are considered to be 
illustrative and not restrictive, the scope of the invention being indicated by 
the appended claims rather than the foregoing description, and' all changes 
which come within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
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An apparatus for treating an off-gas from a waste treatment system, 
comprising: 

(a) a refractory-lined cylindrical chamber having an input port for 
receiving the off-gas and an output port; and 

(b) a DC powered plasma torch proximate the input port within said 
chamber, said torch receiving a working gas, said working gas 
including a mixture of carbon dioxide and oxygen; 

wherein said plasma torch heats said chamber and the off-gas is thereby 
converted to an output gas, which is ejected through said output port. 

The apparatus claimed in claim 1, wherein said mixture of carbon dioxide 
and oxygen includes between 15% and 25% oxygen by volume. 

The apparatus claimed in claim 1, further including an oxygen injector in 
communication with said chamber for injecting atomized oxygen and a 
steam injector in communication with'said chamber for injecting atomized 
steam. 

The apparatus claimed in claim 3, wherein said oxygen injector and said 
steam injector include heat resistant atomizing nozzles in fluid 
communication with said chamber. 

The apparatus claimed in claim 3, further including a sensor coupled to 
said output port for analyzing the content of said output gas, and a 
process controller coupled to said sensor for receiving data from said 
sensor and coupled to said injectors for controlling the injection of oxygen 
and steam. 

The apparatus claimed In claim 5, further including a dynamic mixer 
coupled to said plasma torch and providing said working gas, said mixer 
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receiving an oxygen gas supply and a carbon dioxide gas supply, wherein 
said mixer mixes said gas supplies in response to control signals from 
said process controller. 

The apparatus claimed in claim 1, wherein said plasma torch includes a 
plasma zone operating at a temperature greater than 5000°C. 

The apparatus claimed in claim 1 , further including temperature sensors 
within said chamber, and wherein the temperature within said chamber is 
maintained at greater than 1 300°C. 

The apparatus claimed in claim 1, wherein said chamber. is disposed 
horizontally and wherein said chamber includes an upstream end, a 
downstream end, and a sidewall therebetween. 

the apparatus claimed in claim 9, wherein said plasma torch penetrates 
said upstream end, said input port includes an inlet pipe, and said inlet 
pipe penetrates said sidewall tangentially and proximate said upstream 
end. 

A method for treating an off-gas from a waste treatment system, 
comprising the steps of: 

(a) receiving the off-gas at an Input port of a refractory-lined cylindrical 
chamber; 

(b) heating said chamber by ionizing a working gas using a DC ; 
powered plasma torch proximate the input port within said chamber, 
said working gas including a mixture of carbon dioxide and oxygen, 
thereby converting said off-gas to an output gas; and 

(c) outputting the output gas from said chamber. 

The method claimed in claim 1 1 , wherein said mixture of carbon dioxide 
and oxygen includes between 15%' and 25% oxygen by volume. 

The method claimed in claim 11, further including a step of injecting 
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atomized oxygen and atomized steam into said chamber. 

The method claimed in claim 13, further including the steps of analyzing 
the content of said output gas and controlling said injection of oxygen and 
steam based upon said step of analyzing. 

The method claimed in claim 14, further including a step of mixing an 
oxygen gas supply and a carbon dioxide gas supply to create said working 
gas in a dynamic mixer. 

The method claimed in claim 1 1 , wherein said step of ionizing is 
conducted in a plasma zone at an operating temperature greater than 
5000°C. 

The method claimed in claim 1 1 , further including a step of measuring the 
temperature within said chamber, wherein said temperature is maintained 
at greater than 1300°C. 

A waste treatment system for treating hazardous waste, comprising: 

(a) a primary waste treatment stage, said primary waste treatment 
stage receiving the hazardous waste arid producing a by-product off- 
gas; 

(b) a secondary waste treatment stage coupled to said primary waste 
treatment stage and receiving said off-gas, said secondary waste 

. treatment stage including: 

(i) a refractory-lined cylindrical chamber having an input port for 
tangentially receiving said off-gas and an output port; and 

(ii) a DC powered plasma torch proximate the input port within said 
chamber, said torch receiving a working gas, said working gas 
including a mixture of carbon dioxide and oxygen; 

wherein said plasma torch heats said chamber and said off-gas is 
thereby converted to an output gas, which is ejected through said 
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output port. 

19. The waste treatment system claimed in claim 1 8, wherein said mixture of 
carbon dioxide and oxygen includes between 1 5% and 25% oxygen by 
volume. 

20. The waste treatment system claimed in claim 1 8, wherein said primary 
waste treatment stage includes a gasification/vitrification chamber and a 
conveyor system coupled to said gasification/vitrification chamber through 
a gas-tight door, said conveyor system feeding solid hazardous wastes 
into said gasification/vitrification chamber. 

21. The waste treatment system claimed in claim 18, wherein said primary 
waste treatment system includes a gasification/vitrification chamber and 
an inlet pipe coupled to said gasification/vitrification chamber, said inlet 
pipe feeding liquid or gaseous hazardous wastes into said 
gasification/vitrification chamber. 

22. The waste treatment system claimed in claim 1 8, wherein said primary 
waste treatment stage includes a graphite electrode plasma arc 
gasifier/melter. 

23. The waste treatment system claimed in claim 22, wherein said graphite 
electrode plasma arc gasifier/melter includes a pair of spaced apart 
graphite electrodes, each held by a respective electrode clamp attached 
to a movable electrode arm, wherein said electrode arms are operable to 
adjust the relative distance between said pair of spaced apart graphite 
electrodes or between said electrodes and a molten material within said 
graphite electrode plasma arc gasifier/melter, thereby adjusting the arc 
length. 
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